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We propose a model for Dirac leptogenesis based on a non-anomalous U(1)′ gauged family sym-
metry. The anomaly cancellation conditions are satisfied with no new chiral fermions other than
the three right-handed neutrinos, giving rise to stringent constraints among the charges. Realis-
tic masses and mixing angles are obtained for all fermions. The model predicts neutrinos of the
Dirac type with naturally suppressed masses. Dirac leptogenesis is achieved through the decay
of the flavon fields. The cascade decays of the vector-like heavy fermions in the Froggatt-Nielsen
mechanism play a crucial role in the separation of the primodial lepton numbers. We find that a
large region of parameter space of the model gives rise to a sufficient cosmological baryon number
asymmetry through Dirac leptogenesis.
I. INTRODUCTION
The origin of the observed baryon number asymmetry
of the universe (BAU) [1, 2] has been a long standing puz-
zle in particle physics and cosmology. While the Stadard
Model (SM) satisfies the three neccessary Sakhrov con-
ditions [3] to dynamically generate the BAU, there ex-
ist several difficulties. The possibility of generating the
appropriate BAU using only the known baryon-number
violating sphaleron dynamics of the SM SU(2)L gauge
group has been investigated, but requires the Higgs boson
to be lighter than is allowed by experimental searches to
attain the out-of-equilibrium condition through a strong
first order phase transition (for reviews, see e.g. [4, 5]).
In addition, the amount of CP violation in the CKM
matrix leads to highly suppressed asymmetry that is not
sufficient to explain the observation [6].
Many attempts based on physics beyond the SM have
been made in the context of GUT models by produc-
ing the BAU at the GUT scale through decays of the
heavy vector bosons of the GUT group. More recently,
it was noted that it is possible to explain the BAU by
generating a lepton-number asymmetry in the early uni-
verse and then allowing the SU(2)L sphalerons to con-
vert that asymmetry partially into baryon number (for
reviews, see, e.g. [7–9]), thus generating the appropriate
BAU without introducing new baryon-number violating
processes which are tightly constrained by proton decay
searches.
This leptogenesis framework has been explored in de-
tail in connection with the need for new physics beyond
the SM to explain the observation that neutrinos are mas-
sive. Most commonly, leptogenesis is achieved by posit-
ing heavy Majorana right-handed neutrinos which natu-
rally lead to the appropriate masses for their left-handed
partners through the seesaw mechanism, and then al-
lowing them to decay with a CP-violating phase, thus
∗ muchunc@uci.edu
† jinruih@uci.edu
‡ shepherd.william@uci.edu
producing a net lepton number asymmetry [7–9]. Thus
the dynamics which lead to the lightness of the neutrinos
also generate the asymmetry which can explain the BAU.
It was first pointed out in Ref. [10] that if an asym-
metry can be built up between left- and right-handed
leptons, and if that asymmetry can survive until the
sphalerons decouple, the BAU could be explained with-
out introducing any new violation of total lepton or
baryon number. This is because the sphaleron dynamics
do not actually couple to the total lepton number, but
only to left-handed lepton number. This implies that lep-
togenesis is possible even if neutrinos are Dirac particles,
and thus the mechanism is known as Dirac leptogenesis.
While there has been tremendous progress over the
past decade in understanding the properties of neutrinos,
there are still many open questions, including the Dirac
versus Majorana nature of the neutrinos. For Majorana
neutrinos, seesaw mechanisms provide a natural expla-
nation of the smallness of their masses. For Dirac neu-
trinos, however, it is much more difficult to realize small
neutrino masses. In the context of Dirac leptogenesis,
many realistic models have been illustrated in Ref. [11],
in which the smallness of the neutrino masses are gen-
erated through different mechanisms. Here we take a
different approach. By introducing an additional U(1)′
family symmetry and with the appropriate U(1)′ charge
assignment for the fermions, the usual dimension-4 oper-
ators for Dirac neutrino masses can be forbidden. Dirac
neutrino mass terms can arise only through the higher di-
mensional operators and thus are highly suppressed. This
is an application of the Froggatt-Nielson mechanism [12]
which can also give rise to a realistic fermion mass hier-
archy and mixing pattern.
Our goal in this work is to reconnect the dynamics re-
sponsible for explaining the smallness of neutrino masses
with those responsible for the BAU in the Dirac lepto-
genesis framework. To do so we first introduce a model
of flavor for the SM quarks and leptons, based on the
Froggatt-Nielsen mechanism. We then study the im-
plications of the UV-completion of the model for Dirac
leptogenesis. In particular, the exotic fields, i.e. the
flavon fields and heavy vector-like fermions, required in
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2the Froggatt-Nielsen mechanism play an important role
in generating the primordial asymmetry. A distinguish-
ing feature of our model with respect to other Dirac lep-
togenesis models [11] is that the separation of left-handed
lepton number asymmetry from the right-handed lepton
number asymmetry is through the cascade decays of the
heavy vector-like fermions.
This paper is organized as follows: in Section II we
present a flavor model based on a non-anomalous U(1)′
family symmetry. In Section III we show how the Dirac
leptogenesis is implemented in the U(1)′ model. The nu-
merical results for the predicted amount of BAU in the
model are presented in Section IV. Section V concludes
the paper.
II. THE MODEL
A generation-dependent U(1)′ symmetry can play the
role of a family symmetry which gives rise to realistic
fermion mass hierarchy and mixing pattern through the
Froggatt-Nielsen mechanism [13, 14]. We will choose
U(1)′ charges such that the Lagrangian for the Yukawa
interactions for all fermions, including the neutrinos, is
given by
LYukawa = Y
uQu¯H1 + Y
dQd¯H¯2 + Y
eLe¯H¯2 +
Y ν
Λ
Lν¯H1Ξ +
Y LLHH
Λ
LLH1H1 + Y
νν ν¯ν¯ . (1)
Here Y u, Y d and Y e are the effective Yukawa matrices
for the up-type quark, down-type quark, and the charged
lepton sectors; Y ν , Y LLHH , and Y νν are the Dirac,
left-handed Majorana, and right-handed Majorana mass
terms for the neutrinos, respectively.
The higher-dimensional operator which generates ef-
fective Yukawa matrices in the Lagrangian are deter-
mined by the U(1)′ charges of the SM fermions and that
of the Higgs, as
Y ijeff =
(
Yij
φ
Λ
)|qi+qj+qH |
, (2)
where Yij ’s are ∼ O(1) parameters in the renormalizable
Lagrangian, with i and j being the generation indices;
the parameters qi and qH are the U(1)
′ charges of the
SM fermions and higgs field, respectively. The flavon
fields φ and Ξ acquire vacuum expectation values once
the U(1)′ symmetry is broken, resulting in the effective
Yukawa matrices as follows,
Y ijeff = (Yijλ)
|qi+qj+qH | , (3)
where λ = 〈φ〉Λ ∼ 0.22 is the Cabibbo angle. The hier-
archical suppressions required among the Yukawa inter-
actions can be obtained with proper choices of the U(1)′
charges.
Similarly, a natural small neutrino Dirac term can arise
through similar higher-dimensional operators,
Y ijν = (Yijλ)
|qi+qj+qH+qΞ| 〈Ξ〉
Λ
, (4)
with 〈Ξ〉Λ ∼ O(1). Furthermore, both the neutrino mass
scale and flavor mixing are determined by the U(1)′
charges.
These operators can also be understood from the Feyn-
man diagram shown in Fig. 1 where heavy vector-like
H φ Ξ φ
L χ χ χ χ χ χ ν
FIG. 1. The effective Yukawa matrices are generated through
higher dimentional operators. This is an schematic example
for generating the Dirac mass term of the neutrinos. Here
H is the SM Higgs field and Ξ , φ are the flavon fields and χ
fields are the vector-like fermions. Dotted lines between the
flavons indicate that more φ fields are inserted as dictated
by the U(1)′ charge assignements. Upon the U(1)′ breaking,
flavons get VEV’s and the heavy χ fields are integrated out,
leading to the effective Yukawa matrices shown in Eq. 4.
fermions are involved. As we will discuss in Sec. III,
these heavy fermions as well as the flavon field Ξ ap-
pearing in the Dirac neutrino Yukawa interaction play a
very important role for Dirac leptogenesis. The flavon
field Ξ and the scalar field ξ which has opposite U(1)′
charge of the Ξ field are very important for generating
the left- and right-handed lepton number asymmetries.
These asymmetries are generated through their decays
into the χ fields and the subsequent long decay chains of
the χ fields to left- and right-handed leptons.
In our model, the U(1)′ charges of the fermions are
chosen in such a way that the fermions can be embedded
into a SU(5) GUT symmetry,
qQi = qu¯i = qe¯i ≡ qti (5)
qLi = qd¯i ≡ qfi . (6)
Here Qi, ui, and ei are, respectively, the quark doublet,
up-type quark singlet, and the charged lepton singlet, of
the i-th generation, which are unifiable into a 10 dimen-
sional representation of SU(5) and thus have the same
3U(1)′ charge, qti . The lepton doublet, Li, and the down-
type quark singlet, di, of the i-th generation are unifiable
into a 5¯ of SU(5) and thus they have the same U(1)′
charge, qfi . The i-th generation right-handed neutrinos,
ν¯i (i = 1, 2, 3), carry the U(1)
′ charges qNi . All U(1)
′
charges are normalized with qφ = −1 where qφ is the
U(1)′ charge of the flavon field, φ.
In terms of qti and qfi , the effective Yukawa matrices
for the charged fermions can be simplified to
Y uij ∼ (λ)|qti+qtj+qH1 | , (7)
Y dij ∼ (λ)|qti+qfj−qH2 | , (8)
and Y e = (Y d)T because of the SU(5) inspired charge
choices. In the neutrino sector, the Dirac and the right-
handed and left-handed Majorana mass terms are given
by,
Y νij ∼ (λ)|qfi+qNj+qH1+qΞ| , (9)
Y LLHHij ∼ (λ)|qfi+qfj+2qH1 | , (10)
Y ννij ∼ (λ)|qNi+qNj | . (11)
At this stage, there are 12 free parameters in total.
The constraints from the anomaly cancellation conditions
and the fermion mass hierarchy and mixings further re-
duce the number of free parameters. Given the simpli-
fied U(1)′ charge assumption inspired by SU(5) as shown
above, the six anomaly cancellation conditions relating
to the U(1)′symmetry are reduced down to the following
three [14],
[SU(5)]2U(1)′ :
∑
i(
1
2qfi +
3
2qti) = 0 , (12)
gravity− U(1)′ :∑i(5qfi + 10qti + qNi) = 0 , (13)
U(1)′3 :
∑
i(5q
3
fi
+ 10q3ti + q
3
Ni
) = 0 . (14)
In addition to the three anomaly cancellation conditions,
there are 9 conditions from the fermion mass hierarchy
and mixing constraints, and thus all of the free parame-
ters are completely fixed.
To solve all the anomaly cancellation conditions is
rather non-trivial. With the following parametrization,
the [SU(5)]2U(1)′ and gravity-U(1)′ conditions are auto-
matically satisfied,
qt1 = − 13qf1 − 2a ,
qt2 = − 13qf2 + a+ a′ ,
qt3 = − 13qf3 + a− a′ ,
qN1 = − 53qf1 − 2b ,
qN2 = − 53qf2 + b+ b′ ,
qN3 = − 53qf3 + b− b′ .
We then impose the following relations among the U(1)′
charges which are well-motivated by the observed hierar-
chy and mixing patterns among the SM fermions:
Field U(1)′ charge Field U(1)′ charge
L1, d1 qf1 = 2/15 Q1, u1, e1 qt1 = 68/45
L2, d2 qf2 = −13/15 Q2, u2, e2 qt2 = 23/45
L3, d3 qf3 = −13/15 Q3, u3, e3 qt3 = −67/45
ν1 qN1 = 2/9 H1 qH1 = 134/45
ν2 qN2 = 11/9 H2 qH2 = −196/45
ν3 qN3 = 11/9 Ξ qΞ = 44/3
φ qφ = −1 ξ qξ = −44/3
TABLE I. The U(1)′ charges of the particles in the model.
(i) The fact that the third generation particles (top
quark, bottom quark and tau) are heavy suggests
that there is little or no suppression in their asso-
ciated effective Yukawa couplings. Consequently it
is natural to assume,
|2qt3 + qH1 | = 0 , |qt3 + qf3 − qH2 | = 2 . (15)
(ii) To obtain the nearly tri-bimaximal mixing pattern
in the neutrino sector, we require
qf2 = qf3 , |qf1 − qf2 | = 1 , b′ = 0 ,
qν2 = qν3 , |qν1 − qν2 | = 1 . (16)
(iii) By choosing a = −7/9 and a′ = 1, the resulting
mass matrices give realistic quark masses and mix-
ings which are consistent with experimental data.
With the parametrization of the U(1)′ charges and the
assumed relations among the charges as motivated by the
masses and mixing angles, the [U(1)′]3 anomaly cancel-
lation condition is reduced to the following constraint on
qf2 as a function of the charge splitting parameter b, as
qf2 =
−4550− 2025b− 2430b2 − 729b3
45(124 + 90b+ 81b2)
. (17)
Therefore, we have two free parameters left, which are
b and qΞ. The neutrino mass hierarchy can be realized
by choosing b = −2/9, which leads to qf2 = −13/15 and
qΞ = 44/3. Both the left-handed and right-handed Majo-
rana mass terms for the neutrinos are forbidden because
all elements in these two mass matrices are non-integer
powers of the expansion parameter, λ. As a result, neu-
trinos are predicted to be Dirac fermions with naturally
suppressed masses. An alternative way to look at this is
that the U(1)′ breaks into a Z3 discrete symmetry, under
which the 5 multiplets have charge 0, and the 10-plets
have charge 1, the right-handed neutrinos have charge 2,
and the Higgs fields have charge 1. The Z3 symmetry
forbids the Majorana mass terms for the neutrinos [16].
We summarize the U(1)′ charges in Table I. These
charges lead to the following effective Yukawa matrix for
the up-type quarks,
Y u ∼
 λ6 λ5 λ3λ5 λ4 λ2
λ3 λ2 λ0
 , (18)
4and the effective Yukawa matrices for the down-type
quarks and thus charged leptons are given by,
Y d ∼
 λ6 λ5 λ5λ5 λ4 λ4
λ3 λ2 λ2
 , (19)
Y e ∼ (Y d)T . (20)
The effective neutrino Dirac mass matrix is given by,
Y ν ∼
 λ18 λ19 λ19λ17 λ18 λ18
λ17 λ18 λ18
 . (21)
From this set of the U(1)′ charge assignment, 6 vector-
like fermions are needed for the up-type quark, down-
type quark and charged lepton sector separately, and 19
for the neutrino sector, therefore, 37 in total. A vector-
like fermion from a given sector carries the SM charges
of the right-handed species it is granting mass to, so for
instance a fermion in the charged lepton sector has only
hypercharge, and one in the neutrino sector is a SM sin-
glet. In the quark sector and charged lepton sector, their
U(1)′ charges differ by −qφ = 1 and the minimum of
them related the up-type quark sector is −202/45 and
those related the down-type quark and charged lepton
sector is −88/15. It is more complicated for the neu-
trino sector because it is arbitrary to insert the Ξ field
in the effective operator Y ν . Here we use one particu-
lar choice as an example to illustrate the U(1)′ charges
of the vector-like fermions in the lepton sector, which is
shown in the Fig. 1, therefore, the minimum of the U(1)′
is −28/9 and the rest of them will differ by −qφ = 1.
III. DIRAC LEPTOGENESIS
In general there are two distinct requirements for Dirac
leptogenesis [10] to work in any given physics scenario.
The first is that there be an adequate number of out-of-
equilibrium decays which have the appropriate CP vio-
lating behavior to generate the needed asymmetry in left-
versus right-handed lepton number. The second requires
that asymmetry to survive until beyond the time when
the sphaleron processes of SU(2)L decouple so that any
asymmetry in baryon number cannot be washed out by
the same sphaleron processes which generated it.
There are a few different scenarios in which the first
issue can be achieved. It is possible that decays are signif-
icantly slower than annihilations, such that all particles
surviving annihilations are decaying out of equilibrium.
It is also possible that decays and inverse decays are the
dominant processes which determine the number density
of the decaying state, and in that case only those decays
happening after the hubble parameter exceeds the decay
rate will have the possibility of generating an asymmetry.
The decays can fall out of equilibrium at any temperature
relative to the mass of the field in question, depending
on coupling strengths, and thus can lead to late-decaying
relics which are hot, warm, or cold [1].
In our model the field which is decaying to produce a
net left-handed lepton number is the scalar Ξ, the lighter
of the two scalars with U(1)′ charge |q| = 44/3. Any
contribution from the heavier scalar ξ will be equilibrated
away by the interactions of Ξ, which freezes out at a lower
temperature in the early universe. We assume that the
additional flavon field φ is light in comparison to these
two, and that the heavier of these two is the dominant
source of U(1)′ breaking at the epoch during which the
decays are relevant, such that it becomes a real scalar
boson through the Higgs mechanism. The relevant La-
grangian for the Ξ, ξ fields is
L ⊃M2Ξ|Ξ|2 +M2ξ |ξ|2 + λ1Ξχ¯1χ2 + λ2ξχ1χ¯2 . (22)
In the case where annihilations are the dominant pro-
cess changing the number density of the Ξ fields, the
freezeout temperature (Tf ) and the variable YΞ (defined
as YΞ ≡ nΞ/s, where nΞ is the number density of the Ξ
field while s is the entropy density, using the same con-
vention as in [1]) are given by the well known relations,
YΞ =
3.79(n+ 1)xn+1f
g∗s/
√
g∗MPLMΞσ0
, (23)
where xf is defined as MΞ/Tf and is given by
xf = ln
[
0.038(n+ 1)
g√
g∗
MPLMΞσ0
]
−
(
n+
1
2
)
ln
{
ln
[
0.038(n+ 1)
g√
g∗
MPLMΞσ0
]}
, (24)
In our model, at high temperatures relative to the vector-like fermion masses, we have g = 1 for our real boson Ξ
and g∗ = g∗s = 327.75. As for the washout effects, besides the inverse decay processes, there are also the annihilation
processes which need to be taken into account. There are two distinct cases of interest for our model. The first is
when MZ′ = g
′〈ξ〉 < MΞ, such that annihilations to two vector bosons (shown in Fig. 2) are allowed. Note that
〈ξ〉 is controlled by the parameter λ through the neutrino mass matrix. In that case, there are s-wave annihilations
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FIG. 2. Washout effects through annihilation processes into vector bosons.
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FIG. 3. Washout effects through annihilation into fermion pairs.
corresponding to n = 0 and
σ0 =
(
44g′
3pi
)4√
M2Ξ −M2Z′
8piM3Ξ
[
4
(
MZ′
MΞ
)8
+ 4
(
MZ′
MΞ
)6
−
(
MZ′
MΞ
)4
+ 2
(
MZ′
MΞ
)2
+ 3
]
. (25)
If annihilations to vector bosons are kinematically forbidden then the dominant annihilation channel is to two vector-
like fermions through yukawa couplings (shown in Fig. 3).
The annihilation cross section, assuming identical χ masses, is,
σ0 =
λ4
pi
m2χ(M
2
Ξ −m2χ)3/2
M7Ξ
. (26)
In the case where decays are dominant, the freezeout tem-
perature is identified by simply requiring
Γ
2H(T )
∣∣∣∣
T=Tf
= 1, (27)
in which we follow the convention in [1], where Γ is the
interaction rate per particle for the reaction that keeps
the species in thermal equilibrium and H is the expansion
rate of the Universe. The out-of-equilibrium abundance
is taken to be the equilibrium abundance at the time of
decay decoupling. We consider three distinct regimes for
this, such that
YΞ =

0.278 gg∗s (xf ≤ 1)
0.278 gg∗s
[
2
((
3
2
)3/2
e−3/2 − 1
)
(xf − 1) + 1
]
(1 < xf < 1.5)
0.278 gg∗sx
3/2
f e
−xf (xf ≥ 1.5)
.
(28)
The central region with 1 < xf < 1.5 is chosen as a simple
interpolation between the two well-known limiting cases
of hot and cold equilibrium conditions.
Once we have the number of states which will be decay-
ing out of equilibrium, we still need to know how much
they favor left-handed leptons over anti-leptons. This is
encoded in the variable
Ξ = BR (Ξ→ χ1χ¯2)− BR (Ξ→ χ2χ¯1) . (29)
This gives rise to an asymmetry in left and right handed
lepton number because χ1 cascade decays to give a left-
handed lepton doublet, while χ2 decays to a right-handed
neutrino. The entire process is a particular crossing of
the Feynman diagram in FIG. 1 such that the initial state
particle is the Ξ and all other fields are in the final state.
In our model this quantity is given by
Ξ =
8Im[λ21λ
2
2]Im[IΞξ]
ΓΞ
, (30)
where total decay width of ΓΞ has two parts which are
ΓΞ→χ1χ2 =
|λ1|2
√
M2Ξ − 4m2χ(M2Ξ/2−m2χ)
16piM2Ξ
, (31)
and
ΓΞ→Z′Z′ =
4(44/3)2M2Z′
√
M2Ξ − 4M2Z′
16piM2Ξ
, (32)
6Ξ
χ2
χ1
ξ
χ1
χ2
FIG. 4. The vertex correction diagram contributing to the
CP violation.
Ξ ξ
χ1
χ2
χ2
χ1
FIG. 5. The self-energy loop diagram contributing to the CP
violation.
which only contributes if MΞ > 2MZ′ . In our case
the kinematic contributions to the CP asymmetry are
from interferences between the tree level diagram and
the vertex correction (Fig. 4) and self-energy loop dia-
grams (Fig. 5) in the Ξ field decaying into fermion χ1χ2
channel [15].
Im[IΞξ] =
MΞ
(
1−
(
Mξ
MΞ
)2
ln
[
1 +
(
MΞ
Mξ
)2]
− M2Ξ
M2Ξ−M2ξ
)
32pi2
.
(33)
Ultimately, the amount of BAU generated is equal to [10],
ηB = −28
79
nνR = −
28
79
ΞYΞ . (34)
The connection between the low energy scale param-
eters such as the SM fermion masses and mixing angles
and the parameters related to the UV complete theory
(e.g, λ1, λ2, MΞ, Mξ,mχ) is fairly weak since the effec-
tive Yukawa interactions are generated through higher
dimensional operators and the effects from the UV com-
plete theory has been integrated out and thus are indi-
rect. While the UV physics does, ultimately, give rise to
the masses and mixings of the SM fields, many param-
eters enter in to generate those masses and mixings, so
measuring the masses and mixings doesn’t tell us much
about individual parameters of the UV theory which is
responsible, in particular, for leptogenesis. Thus, there is
not a strong prediction from the success of leptogenesis
for low-scale parameters in this theory.
IV. NUMERICAL RESULTS
Given the analysis above, we have in total nine free pa-
rameters. These are MΞ, Mξ, mχ1, mχ2, Re[λ1], Im[λ1],
6 8 10 12 14 16 Log10HMXLHGeVL
0.5
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Log10HMΞMXL
FIG. 6. The allowed regions on the Log10(Mξ/MΞ) −
Log10(MΞ) plane with model parameters |λ1| = |λ2| = 0.4,
α = 0.8 and mχ1 = mχ2 = 0.4mΞ. The purple region cor-
responds the baryon number asymmetry ηB ≥ 6.19 × 10−5.
The red region corresponds to ηB ≥ 6.19 × 10−6, the green
region corresponds to ηB ≥ 6.19× 10−8, and the blue region
corresponds to ηB ≥ 6.19× 10−10.
Re[λ2], Im[λ2], and α, where α = g
′2/4pi. Given the
values of α and 〈ξ〉 (which varies as we search the al-
lowed parameter space), the value of MZ′ is determined.
We first make the simplification, λ1 = λ2 = |λ1|e−ipi/8,
which leads to the maximum imaginary phase in Im[λ21λ
2
2]
in the CP violation factor. In addition, we take the
masses of fermions to be mχ1 = mχ2 = 0.4MΞ. We
then search for the allowed parameter space that gives
rise to the baryon number asymmetry within the 1σ al-
lowed range, ηB = (6.19 ± 0.15) × 10−10 [2]. First, we
investigate how the couplings λ1 and α affect the baryon
number asymmetry. For the fixed hierarchical masses of
MΞ = 5.7×106 GeV and Mξ = 4.9MΞ, we find that there
is no constraint on α up to the perturbativity bound.
For |λ1| in the small band, 0.3925 ≤ |λ1| ≤ 0.4063,
the baryon number asymmetry within the 1σ allowed
range can be generated. To have a sufficient BAU,
ηB ≥ 6.19× 10−10, an upper limit |λ1| ≤ 0.4 is obtained.
This is because, in the low Ξ mass region, the dominant
wash-out process is the annihilation into fermions which
is proportional to λ41, so larger λ1 leaves too small a freze-
out relic of Ξ.
In addition, we also investigate the dependence of the
asymmetry on the U(1)′ breaking scale as well as the
mass ratio between Ξ and ξ fields. This is presented in
Fig. 6 where regions of the parameter space on the MΞ
– Mξ/MΞ plane corresponding to different amounts of
the asymmetry is shown. In the figure, the couplings are
taken to be |λ1| = |λ2| = 0.4, and α = 0.8, as a result,
7MZ′ = 46.5MΞ > MΞ and the decay and annihilation of
Ξ through the Z ′ boson shut off. The regions of different
colors correspond to the allowed regions with different
lower bounds of the baryon number asymmetry. The
allowed parameter space exhibits the following features.
First of all, the masses of the Ξ and ξ fields can be as light
as 100 TeV. In other words, sufficient amount of baryon
number asymmetry can be generated even if the U(1)′
symmetry breaking scale is as low as ∼ 100 TeV which
naturally satisfies the constraints from FCNCs. Further-
more, the baryon number asymmetry can be enhanced
to be as large as O(1) due to the presence of the res-
onance effects through the self-energy diagram, though
the region of parameter space where this occurs is too
small to visualize in Figure 6. In addition, in the region
where the value of MΞ is smaller than around O(10
14)
GeV, the asymmetry increases as MΞ increases. This is
because the dominant wash-out process is annihilations
and the cross section is inversely proportional to M2Ξ. As
a result, the BAU is roughly proportional to the mass of
Ξ. On the other hand, the two kinks for each colored
region where MΞ is greater than around 10
14 GeV is due
to the interpolation from xf < 1 into 1 < xf < 1.5 and
from 1 < xf < 1.5 into xf > 1.5. We have confirmed this
numerically.
V. CONCLUSION
We propose a model for Dirac leptogenesis based on
a non-anomalous U(1)′ gauged family symmetry. The
anomaly cancellation conditions, including the [U(1)′]3
condition, are satisfied with no new chiral fermions other
than three right-handed neutrinos, giving rise to strin-
gent constraints among the U(1)′ charges of the fermions.
Realistic masses and mixing angles are obtained for all
fermions, including all quarks and leptons. The model
predicts neutrinos of the Dirac type with naturally sup-
pressed masses. Dirac leptogenesis is achieved through
the decay of the flavon fields. The cascade decays of the
vector-like heavy fermions in the Froggatt-Nielsen mech-
anism play a crucial role in the separation of the primor-
dial lepton numbers.
We identify the annihilation processes that are present
in the model. We then perform a detailed study of the
allowed parameter space in the model. We find that a
large region of the parameter space gives rise to sufficient
amount of the cosmological baryon number asymmetry
through Dirac leptogenesis.
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